The reference values of serum perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) concentrations were evaluated based on the human blood samples collected from Kashi, Xinjiang. And human serum samples of family members from Liaoning were evaluated for levels of PFOS and PFOA with the purpose to compare exposure pathways for family members. Among the 110 blood specimens from Kashi, the detection frequency of PFOS and PFOA was 93% and 6%, respectively. Reference values of serum PFOS, evaluated as the 90th percentiles of the concentrations, were determined to be 6.44 µg/L. Significant positive correlations were observed for serum levels of PFOS and PFOA among family members in Liaoning. Specially, stronger correlation between mother and offspring was observed than that between father and offspring. And stronger correlation of serum PFOS and PFOA levels was observed among family members in rural areas than those in big and small-medium cities. Difference in the association of serum PFOS and PFOA level among family members suggested that exposure in the outdoor and working environment of different occupations should be evaluated. Present study provides reference values for exposure assessment in China and potential pathways of human exposure to PFOS and PFOA.
Introduction
Increasing number of researches reported extensive human exposure to perfluorinated compounds (PFCs) in different geographical locations around the globe [1] [2] [3] . Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA), two most widely known PFCs, are frequently detected at higher levels compared with other PFCs [4] [5] [6] . Some subpopulations, living in proximity to or working in fluorochemical manufacturing plants, were found with high body load of PFCs [7, 8] . Into the far future humans will continue to receive a fairly constant, low level exposure to PFCs from legacy sources, although the fluorine industry has announced a commitment to the phaseout of eight carbon perfluoroalkyl chemistry [9] . An increase in human exposure to PFOS and PFOA over time was even observed in some area in Japan and China [10, 11] . Further, animal experiments and epidemiological studies found various toxicities of PFOS and PFOA, leading to increasing concern in health risk posed by these pollutants [2, [12] [13] [14] [15] .
Elucidation of PFCs sources is crucial for prevention and control of human exposure. However, exposure pathways to PFCs prove to be complicated and remain not well known, because humans are exposed to PFCs via a vast number of pathways over an extended period of time. Possible pathways of human exposure to PFCs include inhalation of volatile and neutral PFCs, ingestion of non-volatiles attached to particles, and exposure of contaminated food and water [2, 3] . Food intake is regarded to be the most important exposure pathway for the background population, whereas drinking water is dominant for populations near sources of contaminated drinking water [15] . Further research is warranted to elucidate the sources of human exposure to PFCs.
In the present study, the reference values of serum PFOS and PFOA concentrations were evaluated based on the human blood samples collected from Kashi, Xinjiang. In this remote region with extremely low density of population and industry, the inhabitants mainly live on farming and stock raising. Therefore, the area is expected to be posed to a light PFCs contamination. Our previous study has found extremely low PFOS and PFOA concentrations in the surface water and tap water in Xinjiang [16] . It is of particular interest to investigate the levels of human exposure to PFOS and PFOA in Kashi, in order to provide background data of human biomonitoring and serve for the exposure assessment in the general population. Further, human serum samples of family members from Liaoning, including the fathers, mothers, and offspring, were evaluated for levels of PFOS and PFOA with the purpose to compare exposure pathways for family members. Relatively higher PFOS and PFOA concentrations have been detected in human serum from Liaoning [17, 18] . Higher-level similarity in the living environment and dietary reduce the variance in exposure and provide valuable information for exposure pathways to PFCs.
Materials and Methods

Research Ethics Board Approval
Blood sampling involved in the study protocol was reviewed and approved by the China Medical University Research Ethics Board. Informed consent was obtained from all participants and parents or guardians provided consent for participants < 18 years of age.
Study Population and Blood Sampling
The blood sampling was performed in 2007. For the determination of reference values for serum PFOS and PFOA, 110 human blood samples (58 males and 52 females) were drawn from volunteers recruited among Uyghurs living in Kashi, Xinjiang Uyghur Autonomous Region. All volunteers were 11 to 86 years old. They live on farming and stock raising without occupational exposure to PFCs. Blood samples of family members were collected from 44 families in areas from Liaoning province representative of big cities (Shenyang and Anshan, 11 families), small-medium cities (Yingkou and Liaoyang, 15 families), and rural areas around Shenyang (18 families). The cities were ranked according to population, denoted as big cities with population larger than 2 millions, and small-medium cities with population less than 2 millions. The family members group consisted of subjects from different working environments expected to be non-occupationally exposed to PFCs. The blood samples of the father, mother, and one of the offsprings (son or daughter, random recruiting) were collected from each family. The ages of father, mother, son and daughter were in the range of 22 -71, 22 -69, 1 -31, and 1 -35 years old, respectively. Following the collection, the serum was separated from whole blood via centrifugation and stored at -4˚C prior to extraction and analysis.
Reagents
Heptadecafluorooctane sulfonic acid potassium salt and pentadecafluorooctanoic acid ammonium salt (>98% purity) were purchased from Fluka (Milwaukee, WI, USA) as standards for PFOS and PFOA, respectively. The internal standard [1,2-13 C 2 ] perfluorooctanoate was donated by the Environmental Protection Agency of the USA (>99% purity, originally synthesized by Perkin Elmer, Boston, MA, USA). Tetrabutylammonium hydrogen sulfate (high-performance liquid chromatography [HPLC] grade) was obtained from Acros Organics (Geel, Belgium). Sodium carbonate (>99.5% purity) was obtained from Kanto Chemical (Tokyo, Japan). Nitrogen gas (>99.99% purity) was obtained from Japan Fine Products Corporation (Kawasaki, Japan). Methyl tertiary-butyl ether (MTBE; HPLC grade), methanol (HPLC grade), acetonitrile (HPLC grade) and ammonium acetate (>97% purity) were obtained from Wako Pure Chemical Industries (Osaka, Japan). Deionized water was passed through a Presep-C Agri cartridge (Wako Pure Chemical Industries, Osaka, Japan) to remove any remaining contamination, called PFC-free water.
Determination of PFOS and PFOA in Serum
The internal standard [1, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C 2 ] perfluorooctanoate was added to each serum sample prior to extraction. The serum samples were extracted using a previously described method [19] . Briefly, 0.5 mL of serum, 1 mL of 0.5 M tetrabutylammonium hydrogen sulfate solution and 2 mL of 0.25 M sodium carbonate buffer were added to a 15-mL polypropylene tube and mixed. Following addition of 5 mL of MTBE to the solution, the organic and aqueous layers were separated by centrifugation, and the organic layer was removed. The aqueous mixture was rinsed with MTBE and separated twice. The solvent was evaporated at room temperature under a nitrogen gas flow. The sample was then reconstituted in 0.5 mL of methanol. The sample was then passed through a nylon filter (Autovial R5 PUNYL; 0.45-μm pore size; Whatman Japan, Tokyo) to remove any suspended materials and insoluble particles.
Each extracted solution was analyzed by liquid chromatography-mass spectrometry (LC/MS) as previously described [11] . Briefly, each methanol extract (injection volume, 10 µL) was chromatographed using HPLC (Agilent 1100 with Zorbax XDB C-18 [3.5 μm, 2.1 × 150 mm]) at a flow rate of 0.2 mL/min. Gradient conditions were used in the mobile phase. Initial mobile phase conditions were 35:65 CH 3 CN/10 mM CH 3 COONH 4 buffer, followed by a 5 min ramp to 45:55, hold until 20 min.
The chromatographic column was kept at 40˚C. Mass spectra were taken using an LC/MS system equipped with an orthogonal spray interface (Agilent 1100MSD SL), employing electrospray ionization in the negative mode. The selected ion monitoring was used for quantification of the analyses. The quantification ions were m/z 413 (C7F15CO2-) for PFOA and m/z 499 (C8F17SO3-) for PFOS. The fragment of PFOA m/z 369 (C7F15-) and fragment of PFOS m/z 99 (FSO3-) were also monitored as qualifying ions.
Quality Assurance/Quality Control
Blanks using PFC-free water were handled with the same procedure as unknown samples. None of the blanks showed significant contamination. Calibration standards were analyzed every 10 samples. Matrix spike studies at concentration of 10 µg/L in serum were performed to evaluate the recovery. The mean extraction recoveries from the spiked serum samples ranged from 93% to 101% and from 98% to 109% for PFOS and PFOA, respectively (n = 10 for each compound). The limit of detection (LOD) and limit of quantification (LOQ) were considered to be 3-and 10-fold larger than the signal-tonoise ratio, respectively. The LOD and LOQ were 0.01 µg/L and 0.03 µg/L, respectively, for both PFOS and PFOA.
Statistics
All statistical analyses were carried out using SPSS 13.0 (SPSS Inc., Chicago, IL). Values of p < 0.05 were considered to indicate statistical significance. All samples below the LOQ were treated as half the LOQ in the calculations. The serum levels of PFOS and PFOA were tested for their normal or log-normal distribution by the Kolmogorov-Smirnov test. And correlation coefficients were executed by Pearson test in data from a normal distribution and Spearman rank test in data with a nonnormal distribution. Wilcoxon matched pairs ranks test was used for comparison between various groups.
Results and Discussions
Reference Values of PFOS and PFOA Concentrations in Human Serum
Among the 110 blood specimens, the detection frequency of PFOS and PFOA in the samples was 93% (102 of 110) and 6% (7 of 110), respectively. The PFOS and PFOA levels, stratified by sex, are summarized in percentiles of the concentrations, were determined to be 6.44 µg/L. And reference value of serum PFOA was not evaluated due to its low detection frequency. Higher serum PFOS concentrations than PFOA has also been reported in China in other studies [11, 18] . Serum PFOS concentrations in males were significantly higher than females, consistent with many other studies [2, 3] . Comparisons of serum PFOS levels between different ages demonstrated a lack of significant age-related associations. Similar results have also been observed in China and other countries [3, 18] .
Serum PFOS and PFOA concentrations in Kashi are much lower compared with the findings from other studies conducted in different countries and areas including China, as shown in Compared with other regions of China, agriculture remains the main economic activity in Xinjiang Uyghur Autonomous Region. Due to the relatively less development in the economy and lower population and industry density, this remote region is possibly posed to a relatively light PFCs contamination. In the tap water collected from Atushi and Urumuqi in Xinjiang in 2006, PFOS and PFOA were both not detectable [16] . Thus, the lower serum levels of PFOS and PFOA in Xinjiang may result from the less sources of the PFCs exposure. And the serum PFOS and PFOA levels in Xinjiang provide an appropriate reference values for exposure assessment in China.
Biomonitoring Values of Family Members
Serum PFOS and PFOA levels of family members from Liaoning were summarized in Table 2 Paired comparison between father and mother from the same family demonstrated significantly higher serum PFOS levels of the fathers than the mothers, consistent with the gender-related difference observed in the present study and other studies [3] . The higher-level similarity in the living environment and dietary between family members reduced the effect of differences in exposure, suggesting that sex-related differences in metabolism and elimination possibly play a dominant role in the body load of PFOS. It has been hypothesized that sex-related differences in metabolism, elimination, as well as exposure are attributable for the sex differences in the body load of PFOS [3] . Our previous mammalian toxicological study suggested that sex-specific routes for elimination of PFOS in females may result in relatively lower blood PFOS level than the males [20] . For PFOA, there was no significant correlation between concentrations and ages of family members. In addition, we found no correlation between paternal serum PFOS level and age. On the contrary, the results showed positive and significant associations between PFOS levels and ages of mother and offspring. Meanwhile, significant positive correlations between PFOA and PFOS concentrations were observed in father, mother and offspring.
Serum PFOS and PFOA concentrations of father, mother and offspring residing in different kinds of area are presented in Figure 2 . Based upon the median PFOS and PFOA concentration, highest serum levels were observed in family members from small-medium cities. And PFOS and PFOA concentrations of family members from rural areas were almost lowest among the three groups, except that fathers residing in rural areas were higher than those in big cities. The relatively high serum levels of PFOS and PFOA in the subjects from smallmedium cities, as well as serum levels of subjects from rural areas were slightly lower than those from big cities, suggesting the prevalent human exposure to PFCs in Liaoning Province. PFOS and PFOA have been detected in the river, lakes, and tap water in Liaoning, higher than the water levels in the remote area in China [16] . Drinking water may be one of the major routes of human exposure to PFCs. Besides, other sources of exposure including the foods, atmosphere and contact with daily consumer products containing PFCs were not well known until now. 
Correlation of Serum PFOS and PFOA Levels between Family Members
Significant positive correlations were observed for serum levels of PFOS and PFOA among family members, including father and mother, father and offspring, mother and offspring, except that serum PFOS concentrations of father were not significantly correlated with those of mother, son, or daughter in the family (Table 3) . Moreover, higher correlation coefficients of serum PFOS and PFOA were found between mother and offspring than that between father and offspring. Family members have a certain period sharing similar environmental conditions, including indoor dust, contact with consumer products containing PFCs, as well as dietary intake of foods and drinking water, leading to similar exposure to PFOS and PFOA. Hence, significant correlations of exposure to PFOS and PFOA among family members were observed. However, lack of correlation of serum PFOS concentrations between father and mother, son, or daughter, suggested more unidentified factors affecting the body load of PFOS than PFOA, possibly relating to both the exposure routes and accumulation and elimination in human bodies of PFOS. Larger variability in serum PFOS levels of fathers than the mothers and offspring support the hypothesis (Figure 2) . Further, the results illustrated that potential sources of PFOS might exist in some working environment and make a larger difference of exposure of the fathers with different occupation, although the subjects in the present study were recruited from those without known occupational exposure to fluorine chemicals. Therefore, exposure to PFOS from different working environment need to be further studied.
Prenatal exposure to PFCs via placental-transfer and postnatal exposure via milk constitute the background level of in offspring and even result in equal or higher PFCs concentrations in children compared with adults [18, 21] , which possibly plays a dominant role in the strong significant correlation between serum PFCs levels of the mother and the offspring. PFOS and PFOA have been detected in cord blood and prenatal exposure and transfer of PFCs through lactation has been confirmed for humans [14, 21, 22] . Neonate exposure to PFCs in the prenatal stages has been proved to be even at similar level to the exposure at the postnatal stages [23] . PFCs have also been detected in the milk and association between increasing serum concentration and increasing milk concentrations of PFOS was observed [24] . In addition, usually longer time of the children staying with mother than father suggest more similarity in dietary and other environmental exposure, which also could contribute partly to the stronger correlation of serum PFOS and PFOA level between mother and offspring.
The associations on serum PFOA and PFOS concentrations among family members from different residential places were presented in Table 4 . The results showed significant positive correlations between paternal and maternal PFOA levels in small-medium cities and rural areas. However, we only found correlation between paternal and maternal PFOS levels in rural areas. In addition, the correlation of serum concentration between father and mother from rural area was more conspicuous compared with that from big cities and small-medium cities. Moreover, paternal serum PFOA level was correlated with offspring level significantly in big cities and small-medium cities. For PFOS, significant correlation between father and offspring on serum levels was only observed in rural areas. Obviously, the data showed positive and significant correlations between maternal serum PFOA and PFOS levels and that of offspring in all three groups. Similarly, the correlations of serum PFOA and PFOS concentrations between mother and offspring from all three kinds of residence were more evident than that between father and offspring.
Although serum concentrations of PFOS and PFOA in rural areas were comparable to those in small-medium and big cities, difference in the association between family members from different regions suggested the difference in exposure pathway to some extent. Stronger correlation of serum PFOS and PFOA levels was observed among family members in rural area than those in big and small-medium cities except that between parents and offspring. Again, the larger variance in the serum PFOS and PFOA levels in big cities and small-medium cities than the rural areas suggests that extra exposure sources might exist in the outdoor or working environment in these regions. In summary, the serum PFOS levels of residence in Xinjiang provide a reference value for human exposure assessment in China. Accordingly, the family members from Liaoning were proved to be posed to a heavier exposure than those reside in Xinjiang. The significant correlation of serum PFOS and PFOA levels among family members confirmed the importance of dietary and family indoor dust in human exposure to PFCs. Moreover, prenatal exposure to PFCs via placental-transfer and postnatal exposure via milk result in a background level in human body and were observed as a stronger correlation between mother and offspring than that between father and offspring. Further, lack of correlation of serum PFOS concentrations between father and mother, son, or daughter, as well as less correlation among family members in big and small-medium cities than in rural areas, suggested that exposure sources of PFCs in the outdoor or working environment might exist and should be further studied.
